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resumo 


A construção e exploração de edifícios consome energia, materiais e água em 
grandes quantidades, que se torna legitimo dizer que o seu desenvolvimento 
sustentável depende, de alguma forma, do sector da construção. A União Europeia 
tem empreendido grandes esforços no sentido de desenvolver estratégias para a 
minimização de impactos ambientais resultantes da actividade da construção e 
promover as condições necessárias para que a indústria da construção se torne 
cada vez mais competitiva. Para tal foram identificados três factores tidos como 
fundamentais para o desenvolvimento sustentável da construção: a utilização de 
materiais “amigos do ambiente”, a eficiência energética dos edifícios e a gestão dos 
resíduos resultantes da construção como da demolição de estruturas. 
O objectivo principal deste trabalho é a apresentação de um caso de estudo
que caminhe para uma solução final pensada e definida tendo em consideração os 
objectivos principais da construção sustentável, aplicando uma ferramenta de 
análise do ciclo de vida. A opção por uma moradia unifamiliar resultou em grande 
parte do facto deste sector da construção ser um sector estratégico para o 
crescimento das construções metálica e madeira a nível global e onde, em Portugal, 
imperam ainda as soluções de betão. Após definido o modelo de moradia, foi 
inserido no software Canadiano de análise do ciclo de vida ATHENA, as três 
soluções construtivas para o estudo comparativo: betão, aço e madeira. Dos 
resultados obtidos do programa, a principal conclusão a tirar foi que, 
comparativamente a outros estudos já realizados nesta área, a solução de madeira 
é a solução mais adequada do ponto de vista ambiental com menor consumo de 
energia, de materiais e gerando menos resíduos sólidos. 
A utilização de soluções construtivas que constam na base de dados do 
programa condicionou as escolhas a adoptar, podendo levar a conclusões um pouco 
distorcidos da realidade Portuguesa. 
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abstract 
 
Constructing and exploring buildings demands high quantities of energy, 
materials and water, which makes it legitimate to say that their sustainable 
development depends, to some extent, on the building trade. The European Union 
has been deeply involved in the development of novel strategies aimed at 
diminishing building environmental impacts and at promoting the necessary 
conditions for the building trade to become more and more competitive. To achieve 
such objectives, three factors have been considered as fundamental for the building 
sustainable development, namely the use of environment-friendly materials, the 
energetic efficiency of buildings and the management of wastes resulting from 
construction and structure demolitions.  
The main goal of this study is to present a study case, which may lead to a 
final solution based on the main principles of sustainable building. The option for a 
one-family house is due to the fact that building is strategically still very important 
for the growing of the metallic and wood building sector, bearing in mind that in 
Portugal concrete solutions still reign. After defining the house model, the three 
building solutions (concrete, steel and wood) were inserted in the Canadian 
software of life cycle analysis ATHENA. From the results obtained with the 
software, the main conclusion  was that, in comparison with previous studies in the 
same field, the wood solution is the most adequate in terms of environment, with 
less energy and materials consumption and producing thus less solid wastes. 
The use of the building solutions, that exist in the software database, has
restricted the options to take, leading eventually to a distort view  of the Portuguese 
reality. 
 


	
	 	 		
 

	
	
	
  



	
         

	         

 	          
  !"
	         
# $	         
 
# 

			       %
# &'	

		"     (
## 	
"		

		       (
#% '"
""



			" )
2.3.1 
*
"**
"+
,-
*
./           #
2.3.2 
*
"*0"	   ##
2.3.3 
*
"**		"
12	
	$	
34"

             #
#( 5""
6$&	*"
     #)
2.4.1 0         %
2.4.2           %
2.4.3 7	
         %#
 
% 
	
"	8
	        %%
% 7	
	
	
"	
	      %(
%# *	
	"
"	8
	9
*	
*
 %:
3.2.1 0
	
;",$
,*$
**7,	
+0;$$7.          %)
3.2.2 *2,
*<*3
	
33
"
"<+0$$. (#
3.2.3 =$>9$
**2"$
*    (:
 
( $		"?8	2""
2
	22*=$>%
( 	          %
(# 7	
12
*        (
(% ;	@
"        )
(% *	$
5
*

"
      %
(%#$*
'	4	A
	       
(%%B	
"	2
	        
(%(B	
"	2
	        
(%5"
	&"
*       
(%*	"


C	      #
	
	 	 		
 

	
	
	
  


 "'52"
        
 ;3D"
0

3
"        :











































	
	 	 		
 

	
	
	
  

	



6	
"	
		*"   (

#6	
*'	

		      

%6        

(67*	2
E
F      #

6$	$        #

62
"	*	"      #

6$1"	"        #

:6@,	$1"653
G

C	      #

)6G

C'	*		"
2	    #

65*	$1"*""
	    #

6$
	"
"	
		2	+?G$5#.   %

#6	*
	
"	8
	H ((?))   %

%6$&*		B	
"	@*2,*
+$5.I

C	
20;$$7+0@J>I)):.       (#

(6$0$$        ((

6*



	
"*	0$$HK0I##L  (

6@
*	3
"
D"
*
		
34"
+0$$.    (

6K	2*9,     (:

:6@"
-	5!"       ()

)6-3
"2

*2"*

     

#62

*2"*

     

#6*2	2""
     

##65		*		
     

#%6				
2"	2!"    

#(6,        

#6$
2
*
"*
		
2	
"	8
	+2	I
"I*I	*
		
34"
.   %

#6$
2
*
"*
		
33	"?3	'I
2	I
"I2
"       (

#6$*
'	4	A
	       

#:6$*
'4	A
	3	"?3	'I2	I

"I2
"         

#)6B	
"	2
	        

%65	9	0      :
	
	 	 		
 

	
	
	
  :


%65	6*
"      )

%#65	6*	
      )

%%6$*
'
&
	         

%(65"
	&"
*-
	"
"	
	   #

%6;"


C	
	"
"	
	   %











































	
	 	 		
 

	
	
	
  )


 
6$	
	0;$$7):+0@J>	)):.  (
#6
3
"20;$$7I"3*2
	
	

3
"
*2
3
"	         (#
%6*	
&"*2'*0$$    (%
(67	
3
"2220$$22
"	""
		3
"
D"

*
'*

		
34"
HK0I##L     ((
6$	
	0$$      (
6;*		
	       #
6	'          :
:68
5
         :
)65
F         )
65	$1
        )
6
	
"	8
			    
#6
	
"	8
		*
"    
%6
	"
"	
			*	
  #

		 	 		
 

	
	
	
  

 	

 2"2' 	 ,** "*  3"	  3 	
2   "2"
			* "	
'	 2	,*
2A1
* ' 2"
* 	 	
2 	 " 
I  2I 
2   3E
I 2
 * 
  22"
 	 
D"
 
*


  " 	 " "

 E * 	 2
"
2
 2
 2
"C 	 " 
I 3"  &  !
3
" 	
	  *
"* 	 "" 	 (M 	 *E
62
* "* 
I 2	 
	I
"",IH
I#L
  "* 	 "  	
C 2
 2 N *E
62
*

"2	I**E*"
	"*4			

	O
		
34"
 	2	4"
	2*2!"	F
1"	I	 "
 
	&		* "*
	 "*
" 	*

  E"
" 	 "& "** 
*2"
24   C 	3*  	C
  	 "	 5E*I 

	
3
"	2	 "*


		"A*
"*
 E*
3 3"
 5  	6  * "  2


		 	 "
"* 
3
"
D"
 E
" 	 *

I  ""  	 *E
62
*I
3"
 
 !"
2
"
2	2	6"
*"*	
	3*	
	"
"	
		*

	
34"
I*"*
 2
" 	 * 	 	 "I "
		 2  D 2"
"
	
3?*I*	

$
	 "
"	
			
3 ' "
 

 "* &2
"
2 
	
"	 *

& 
 	 

2

			"
		 	 		
 

	
	
	
  

	6 2  " 	 	
34"
I * 2"
  " 	
,
I 2  2
 *
 
*2"  "
		 *   2
	2*"		""

*   2	6 
  1*2 	 '
"
  ""

 & 
* 	 2" 	 ' *


2"
*	62*!	&
",

 "
		 2 
  &' *

   	"
' "*

N"	'&*	
34"
*


 
2	
*	
*	"*6

C	*"24
> 2
*
 "24 	3
*6  2
"
2
 !"
  * 
"I*"**

>	"24E3"	&	*	**I	
2* ""

 	 

			 " 
2
"
2
 
	
"	 2*6 *E* 
* 	 " 
' "
  ""

 &  "
		 *


&""

I*"*	
3
"			!"N

*2*"6"242"&	*"
		
 " 	 2" "
 2  	
34"
I * "* 
2
"
2
 C'		 
	O
	"*N	*


	O

> "
 "24 	*6 	 &' "
	 "* 

	"
"	
	*3*1
2 
C
&
3
"P3
*4	2"
*2"	
*	*3**
"
I263*&

	2
C			"


		 	 		
 

	
	
	
  #

 		"",
	22
"	3*	
	
"
" 	 
	 +8.I 	  "*2 	 	
3 2"
"
I		&"24&
 662
		
	 12 2* ,  
2Q* *

  8
66 	 *	 ""
 2	  2" "
 "*
*
2"

			
*
*2*	54
53
*I2*6""'
	2
I*
"**""3
	*

*2		
"	8

			"I 3
	23
2*,
		 	 		
 

	
	
	
  %

   
!"	#	!
!$
 
 ""
	"*
2
		*	
	E"RRI&	"*,""
D"
&	
*
,*2S*"
D"
,*3
  	 ""
* 	 22   2   	4
*

* 	 "* 	 " 
 
 *2" I  N 1

	"I""		*	I*
"
	
@ 
	*	I ,* *	*	* 2

2*
I
	6	&&3*	4		"

		
+4	
	

I".>Q*
I
	O
	"
 	
3"
 	  
	O
I 	  *E* 2 2
12
				*
	2

* 	I  ""
 	 	
*  3
 ,	
"
D"
I 	 
	 3
C	  ;A
 	 0		 HJ	
**

$
*	@2*I):LI	3
	3

	"*?
T@
*  	6  	
*& 
3C
 "
		 "
 * "*2*  "2"
		 	 '3
2
3C*2A2
"
		
 A
	0		3
""
2*		2	
*	
	
*  "*2	
	 "*  &
4
   "
D"

,*
D	
*'?"A*
"I"
*

$* ))# 
C6  ;
 	 K
  "3D"
 	 >'G
	
2*
@
*=*I*E*","
	2
*

	I	&	*	"*	
	2	
#I 		 * 
*2 "
 2  "
	 	 ""
 	
@
*
P2
 	 ""
&" ""
	 "I
22 2 2
*
 C 2 , U
I * ))(I * "3D"


C	**2I$GI2	"2

			
	O

	"""
C	!"
	

		

		 	 		
 

	
	
	
  (

 !%&'
$*5  " 	 " 221
*	*%*

,	 +IM 	 *2 "
.I IM 	 50 9 5	 
0()M	

*H;
"	 5>I#L
$"2	*N

C	***	*E
6
2
*+"
.I*

"*2"N2	
	4		"N	*
+
*6&"	5D2	C
**E	
""	(V	4	2.$**A2

I
*2Q"
	"**		
*
5    
	 	  "  !"
 	 

		
	 
"
* 6  
C *	  2"
"
 	
"
I 	 3*  "

 3* 	 "  4 	
*

I2	2" "
& 2
* "
E
	


		
$	6
*&2
"42
		
*	*
 2
"	  "
" 	 
	  	 "I 		  1" 	
*E
 2
*I 2	 2 2*I 2!" +*

  *

.I "*		
34"
IEN	*
3

	4		+3
.

	 	
"	
		*"
Projecto 
Construção 
Operação/Manutenção 
Demolição /Deposição 
Água 
•Reduzir 
•Reciclar 
 Materiais e 
Sistemas 
•Reduzir 
•Seleccionar 
Energia 
•Eficiência 
•Renovável 
 Gestão de Resíduos 
•Reduzir 
•Reutilizar 
		 	 		
 

	
	
	
  


5 & * " !  	* "
	  

C
2"I!I&?
 
 
3"
"*!3"
2	
# ,"	
'	"3E*
""O
"	!
% !		"
"	
	
( !
"*	
 !"*24"*
"A*
"6"*"	C
	
!
 	C  * 
*2" *
 2  "
		I "*
2
*	*

I2
*I"

 
*&
	
*&&"22
*	

*2Q"


	
	"E"A*
"I	
1	*22	2
	

		
*2"*

 " * * 22 
*2  & 2
 N
2

			 			*
6*
>I*
 2	
3C 2 
  	D"
I 2
 	
	   &  
	O
 	
" 5 *I  
	 	  "
 
 2*


*	
*62
I
*24**
2

"		
*	*
*
	*
*E
"
"*3
I**E
	2	

	4	2	C
	2"

		,*
> 	
 	 ,!I  @
*  E 2
 *
 	 & 
2"	*
*
*2
"
**2"2	'3
 *,
 	 &
		 	 
	I  A  ""
* "A*
" *
*E* * *
  * "* & & 34* "*
*22"2	"*2*
""

*6,*
 	
* E	3

	* D	
*'?"A*
"I
"
6"  *
 "*  & * *
 3 E 
	
* "A*
"I 	 2 	 2  "
  
*


		 	 		
 

	
	
	
  

G* *	
 2 
 	 

		 	 * 
*
"
 	 "
	  D 	
*' 3
	I  "* 
	
"	 

#




	 	
*'	

		

 "  
*2
"  	2 	 2
"42
 	
@
*   "
"  	 " 		  1"
	*E
62
*EN	*
	
3
	4	
9
	N"9&
	"*&
4

*
*
"4	
 
	O
 	 " 	 * 	 2
"
2
 2
 2
"C 	 " 
  2 2	 	 4	 	*2, *
22 3	*  @
*  @ 3* 2 
"
		 * 
	O
 I * 2 3 * 	 	3
I
C*
	&*&&"
	

>G
$2
I*
$2
*	
		3
 
	 	 	 2* E
2*

*
C  
*2"
*

2"	2
	O
	"2*
"4	

***,"	
'2"*2


			 
	O
	
"
5  
	
3
"*6  % 2
"
2
 2" 	 

		 &
3"*
	O
	"?

 	 	 	 	 	  9 21
*	*
M 	 	  *

 14	 	 "  
3*	**

2	2"
Sustentabilidade 
Ambiental 
Sustentabilidade 
Económica 
Sustentabilidade 
Social 
Construção 
Sustentável 
		 	 		
 

	
	
	
  

  	 !	 	  6  "I 2 
"& 	*
 	 	
34"
 "

C 21
*	*
(M 	 	  2	 	 
  "

 2 *
2"**,	*
'	"*3
	3
 "					#		9  4		
"2D*	*
	
3?2		*

I
2	*C*I 2I"I*
 	*
 P  3 	 " &  2	C * 	
2	4	2
	"

 "
		 	 2* 2
"  E"
" "63
"
 
"I	*
	2""A
"2"T	WI
	*
3
"


C	"
I	2	
	4		*
	2"
"
*NO	
,*I&

3	*
	@
*
*   
	  2
"42
 	 "63
"
D"
 "* 
"	
"
 "A*
"I  &
		 "
   	 "I 6 
2	D	
*'	"	

		+3
%.



	$ 
Condicionantes 
Económicas 
Custo Recursos 
Qualidade 
Emissões 
Qualidade 
Ambiental 
Equidade Social, 
Legado Cultural 
Biodiversidade 
Tempo 
		 	 		
 

	
	
	
  :

 
 	 '
 	
* E*2"
& 	C
"*
	D	
*'		
*I234"
	'
23&?

 "
*$"A*
"
 7,
	X
			*

 7,
	"
		

 *2 	 " "

 
*"
			 
  
	*2, "*   ""
   2  
	
"	
"A*
" 
 "*  50 +5	  0. 5  6
3	*"
	
"	2Q*	

		
@ ** 3* &  

		 * I *E* 


		  " 26 * D 	
*'? "
I
"A*
"*

%	%	
$
	
"	
6*2Q*3"

"

&	*
"
	
		*2,	"	*"
+2	I
2
*I"I".	"	"*1
D"
3"

 
2Q**


C	2

	
"	?
*
E*
"I	

		"*2*3
%	&	
$1
*
""
	"
"	
			
34"
*
 *

  2" "
? " 	 *

 +
"
 		 
1" 	 *E
 2
*I E N 2	   2.I " 	
"I " 	 

CI " 	 *I " 	 

I
" 	 	*
  " 2 	  *
 I "
"* 


C


		 	 		
 

	
	
	
  )


%	'	
$
	
"	
6
	3
2"

	"

"
*
*
 2Q**


C	2*	

	*2, *
2	* ?2"
 	 &"
*I2"

	 "
"*I 2"
 	 

CI 1
		 	 *

 

C	  
&
		 	  

C	  2	 5Q* *
 
	 2 
	
3
"D*"*1*2?"*	
+VJ,F*#2
.	
	*
	 #
$2Q*	*
			"
"	
	&D*
3		C
***E
"4
 
*
	*
4
*
"	  
	 	 	*
  2Q* 	 
 	 23

	"	
 	3

 	 2Q* 	2	 *
 	 !"
  & 
22*	I	""4
"	'"
	1
D"

3"

&2	*
3C
*				
24

(  '&'

 *
*
	

C	*51"	
		
34"
E*			E"		

C	*

3* 	 
	
3
"	   
"
 > 3 	 "I 
, *  *	  2
 2 2	 	 	
&
		 	 	2	4"
I 	 * 	 *
 3 	 4	 
"""
5 	I3
	"
"	
	
2	2"

			
"
"	
 "
		 	  "*
,  
	 	 " 
I "*!3
 3
	I*E
	*	
	*	*	
	
2* 2 

C 	  *

  "
 	 " *

	


		 	 		
 

	
	
	
  #

#% 
* 
 "*  *
"  +
, - 
*
.9-
"
			"*
,*2'*

22


C*

"
	"*
	 
*
"
9-**
"E
A
*	
2	*


C	*2	1
 

I !"*	

2	"
@
	 N ""4
" 	 2" "
  *

	

C	I 2
 	 2 	 * "
 E 2	C
	 *
3
"   * 
I 	
*

 
*  24	 	 *2 "
 N
"I*6	6&
2*2	 ""
	"
" E & "! 2" "
  

C *  *
*		  "I & 
*2
"*  *2 	 I 	 *2*


C	*
24		
3"

  
* "
 - ""
C6 2 * 	 4 	

	

C  
CI 	  "*2 
6"
*6

	 	  2"  	
3
" *2 23
  	 
I	2&2+3
:. ""
	
*
* 	

	
  " 2 *
 	 * *	 	 23
 "3*	 *
",23
 	 I 	
2 2*  &
	
 * (  
**I+3
(II.I2*

		2"	"			

2" 0		1I*

*
C		2	4"



 
	( 7*	
2
E
F
	) $	$
		 	 		
 

	
	
	
  #




 
 
 
 
	* 2
"	*	
"
 
	+ $1"	"
E	23	"*236"
C	
   
C	 2	 * 
* * C
"I &
2""">	2!
2
3 
*

E1"	"*2
E
	",2	
"	I&
"*
*		
		",


	, @,	$1"653
G

C	
		 	 		
 

	
	
	
  ##

 2	  2
"
2
   	 	 
*
"
-I 
*
*""
 +70I
#.?
8>-$>?
6	'

	I*C			2*,	



	32*
	2	
6
',
	
"IE"
"I"	
"
	II2
I
"2	
*N2	I"**23"

			"*
"	*
6 0* "*2* *6"O
"I 	
	   	 *

 

  2"I "*  	 
	  * 
*2*

C &
2*
*"	"I*		&	4	
"	*2
,*
		
65C	C
	3"

			**
6>*	2	4"
	*



@$8>-$>?
6"E"
E*
"+*"
*"*	*2
	E*
".
6	*6	62"

C	
6**
	
6>1
*		&"*2*2C
( 
*"
"*0"	+9"	
".
   " "	 +.I 3
 	" * )(I 2 "
K,1  $
VI 	 
	2	 *)#( +0
I #. 
" "	 +. E * 
2 	  	 2  * 2E6
*		 * 3* 	 " & E "	  2 	 	 	
"Q*2"

",*		"$*""	
, 
	 	 "* " * 	 2 	 *	 		  3
* 	
	  *	
I * 5  *
 
	 E 2" 	
3	
	I
*	A	&"

		 	 		
 

	
	
	
  #%


 E2	C
	 "**
*
3
**
 	 " 



" &3C	
3				E&
 "E* *
,' 	 "E *
""A2
" &  	 	 
2"
	
E*	
I	
3	*
'2&2	
 23	I 	I 2	I  1	 	 3* 	
"2

""


 *E
62
* 
"  "
* 5	I 2	 ""
I 2A 	
*4
I I  * 22 	 	 
 	 

" @2
 
*E
62
**
	3*	*2	
	""	*
*	I	2A	*4
&
*
"*2"
*
,'	,
*
O"		,
	E
$"E*
""A2
"I
"13C*
*
12	
62&	C*9
*
2"
	3*	*	29 	C
	2	@2
	*
*2&
	%*
(,I*
3*2"
	*
2*3
"	2"	3*	!	""	
*"2"
 " 2 	 62N *2 	 "" 	 :Y
2 "  ,
	 	  22
"
 * 	 "&4*
"
& , 	   
D"
I 

	CI  

		 	
*
  
"*2	2	C
 *:(,3 

N3
	
*"	**
,O*
		#:	
#Y 2	3


***,	*2
"2		
"*2
"	"
   " "	 * * & 	 2 	 * 
""
	***E	
24*"22	2
E

	,	I2	

I2
	*	2	2	3
"	*
* 	 *,& 	2	*	 2
"' 2"43
"I2*

	 
*
*1
* 3
"
D"
  31


		  "    " "	
2	  	 2 	  
2 	  & 
* 	 
	D"


3*

	"*21
	




		 	 		
 

	
	
	
  #(


 E
3
3I2*

		*	
C "
*
" 2 ** 1
 	 2
"'X	 	 
1
I   ** E 2
	 2 *   "*	
2"*E*E**

Q
"I3C		IMN2	

*
	+"2
I21*2.
2	"
*
 2	  2
"
2
   	 	 
*
"
 I 
*  
* ""
 +7 0I
#.?
8>-$>?
672	"I&2"


C	
**
	
34"
"*	*2

67

*E*
"	*	
67&
			,	"
65"	"*

	

C	+**2	"I
*	2	D"
*"
*I*2		4	.
67

D"
3
6 G

C 	 *
 	 2  &
2* *
 

I 
2'	2I"	**

@$8>-$>?
6	*6	62"

C	2
	"*"

60
1O*	3"	&1
*"*62
5F*

6 7 
D"
 4*
" +  "
 "* 2	

.
65		2
	3	"




		 	 		
 

	
	
	
  #

#%% 
*
"**		"
12	
	$	
34"

 "2"
		 	 
* "O
" 	 "
 "
 
""

	 	C
	 
*2"*
 "*E "	2	&


C*   "

*

 
 "* "
I3
 	 "" 
2	*	
IE*


C	54
	 "* !"

3
" 2"

		 "O
" 	 
2 	
'"
I	2"*2 
*"O
"	
*2	""

I "*	2	 42
"	 "'
2I6!+3
).









	- G

C'	*		"
2	
$*
		""4
"&2*I2"	*		
"
12	
	D*
	*2
*E*
"	"I	
2	  	 2
* 	 	
34"
I 	 &
2*  	 
'

	

+*2
"	3
.
  * * 	 2" 	 
 E*
"I * 2
"

	 		  
4"
 	 	E"	 	 I "	C
  2
	
	
*N	

3
"	3	*4

 
		 	 		
 

	
	
	
  #

>O
* ","
*	2*	 O	*



N2	N

C	"2	+3
	*
IZ


C	"*	12	2
""I
	
2	 

	2*	
63*		. *	 

 ' 	 
* E*
" 
C	 "*  *	 	 "

12	
	I * 2
" * 24 "*  [
I  4I  *,I 
;
G
	


5
"
2
2
"'	*?

\*	5	2$1
+",	.
\*	5	@2+
1	.
\*	5
\*E*
"	,	A
\*E*
"	5
E
\**
	;4		;2"
\*
6

"	7&

\*E*
"	Q*
43
"

>	*4
		
34"
I*		
$12	
	"
2
" ]]  
* E*
" 	 " * I
	*2,	  3' 	 
 E*
"  	 2 	 
* 	

*2*

C
 

		 	
*
I  
D"
  *2 	
+"
N"*&	2"N	2
&	**	

*2*

C N 2".   ""4
" *"Q
" +"*2 
". & ""
C*  *	 	 
 $12	
	 2*

	
"4

& 22
		   "*2


		 "*  *

 	

*2*

C	
"


	2*
*
C	
	
'"***	*2,	

$* " * &  *

*
C 	 2 "

 * 
*2

+* " "* 
*
"I 1

	  2
"
	**	
*2*

C2
	I
	*

	"
*
		 	 		
 

	
	
	
  #

&"*2
*"*
E*
"

>  "4
2	66NI 
	I 
2
	 	 ""4
"
3
 	 
* "O
"   	2" +"
" 	2I
&		!".&*		"
12	
	2I		&

3**1
D"
"
2"43
"
 ""4
" "O
"	*		
$12	
	 
*E* 2
	 * ' & "*  " 3 	 2"
	& 2	 > " 
"
	  2" *	 	 

2	*2
"6!	

"
	,
C
I*
2
		"D"
"
		
3
'		","	2
	3
"
D"

	
*1
	"+3
.
>
*E*
"	2		2I2"*		

$12	
	 D* 
	 ""	  2 
*E	
 	2	I2",	6
 2"
*  2",
* I*
3"
 	 1" * I
2  
"
 	 ""  *	 	 "
 12	
	 *

"	*"""*&"
	* 
3
E	
21
	2	+&"	.


 
 
	
 5*	$1"*""
	
	
I*,	2	
E"
"6"A*
""

3
1 	 
 N 3" 1
 	 2 

I   2" 	
*	 	 
 $12	
	  2 1
I*	6 	*	
*2			
	21



		 	 		
 

	
	
	
  #:

8>-$>?
6 0 	

		I 
 N "*2  	 	 

		
	
*

6P***2
*E*
""O
"&""*

**
	
6"
2
"	2"	"

65	M"
"

@$8>-$>?
65"D*"
1&2	,2E*
""O
"
65"2	"*2
*"**

	
*
67"*2*32*
"*4




		 	 		
 

	
	
	
  #)

) *$+%,'
 

		 	 ' "
 E * 	 2Q*
"
		
	

				
34"

$* 5I 2 	 1

* 
		 "
*
" 	
3I 
' "
 

C	  	
34"
  2
"* 

 
" "I   	 3D"
I E 	 * 3A* & 
"  
C	  & E 

C	 * 	  54I

	2	* 	 	
3 1
  4 	 "
*I "
C
3
"I*E
62
*
	
		"2
$3A*
6*"
*&2
	
I  2	 1
  * 
 	2 	 
!I  2	


 * 
 
*2   ! "
4	 2 
 2E6
3	


C
*
"	2"I	*'"

	
	N*
 	   &2"  	  D* 	
	I
	6
3"I	"	6?

- ., 6 1
 * 	 O* 	 *2

 &
	*
*'""

I	'*
"*2


4	"	" ^
"/%'01292""&
 , 
C	 " "

 1"*!I "**

**"
	,	2"&
3
"	E*N2
"
	'"
"**
4	&&*,	*

&
3
"	 ^
-'  0,  3   9  3* 	
E"
" 	 "  	 
	2  ' "

""

I2&	*
*""4
"E"
"63"

	
'
>* 3* "
 
* *  2" *
  *
"*"2"
			"	*	**"


		 	 		
 

	
	
	
  %

#( 0
   E  *
 	 " *
 	   54  
2"2 	2!" "* *
 	 *   	

		
6***	&

*
1

P24 *  	*2, * * 	 

		  
*

 &  2	C*  

C*    &  2!"*  
"*I 2**	*2, 
3A
  
	O
I  *
	 3* "

 2   

		 "
  * 	
	

		 	  	  *	I * C &  *

	O
"	C**		

C	"22



 	
*"

C	E*2
242	*2
"
2"?

 7

*
C   	 "
* 	 5	 2
 1
* 2	
2CQ
"  "
*4"
 & 2	* 

 2"
*  "
*
5	
 71
*
C  

C 	 	 "
"	  3
" 	 I
2
	"*	
	
 7

*
C   	2 3
" 	  

C	

	

	

"
"	
 7,	

				G*	*E	*

		22"	
"
	*	"
*
	!	

		IE56"3*	2*

		"	
9&"
*"3*,
	*	
I*
"I&
 2
" * 	F3
  	 *  "! 3
 "
 *
24" 	 "
**2*

	  	*	   
*
I 3*	6 N 234"
 	 I * 		
 T2W "*

*
4*	2



		 	 		
 

	
	
	
  %

#(# 
   E ** 
	
3
"	 "* * T*
 	 *
W 	
	
"
* 2"
 	 "
"*>I 2"*	
*
 "
"	 

C	  2	 	  	
3  	
 2" 	
2	92
	*E
62
*+*
E
	3I""
"&.*
632
	"*3E"
"	"2	*6
3

C#M%M	"
"	+2"
	*


C	.
&&2	*3E"
"	"

C""	)M	
"
"	
	E2"**
&"

2!"

	 "  *E*  *
" D* ""4
"

& "
*2 **!"
I2
 
	 

3 	 "
" 	 
	 	 *  *
" 3"
*  
	
3
"*
	
2	
@*3*  *
" 
*2
"**2E63
"
"	C
	*2"	 "*
3
"
I!I**

2
	C 	 "   * " *
 
*2 * 	2	4"
 	
*

 
** 	 *  *
 I "
 	
3	' *
 	C
	 2*

	  2 	     *
		*
*	
 *
"2*
*  " 	 234"
 		
 
I 2
 *
   3",	 *
 I ,	 **


			
*
""2	5*
**E*1"	
* 
 	 * "  2 "
I 	 * *
"*
	*&
			*E
62
*5	1
D"
	
	 234"
 
		 ** "
	   
2 	
"I2*
  
C	3",	 "*
 2I
"	C
	**
	C3"
*	

C
	

>33
	
	O
	*
"E242"	6
	**3"  " "	

3
3**	*
 "2"	66NN "
"*	 
2	"
"	
O*C*2	&&*	&
		I
		 	 		
 

	
	
	
  %#

"

	 2  *

*
C 	 "* 	 " 
  2 
*1
*
C	

C	**"
#(% 7	

*	
E*	*

	"*
	*	*	I
! * 

C' *
 	
"

  * *
3' 	 &
"
"*2Q$*
E"A
"I3"
	

C"&
	
"	C*
	2
*	
E*2		
*"!"*2
2*
**E	
IM	"+&"

		
2	".#:M	,
+*
*	&
"E
* N . $ 	
 "*2   2
 2 	
2* 	 22
		 	 *	
I 
 "* ,
"2
"
		I 
D"
I
	

		I"
 " 	 *	
 2	* "
6 	 3* 2
	  3
"CI 
2	 " * I 2
  	  *


$* 
  *
 
 ""4
" 	 
*
E*
""O
"N"*
	
I	*	&2	
	C
&
			
"

  	  E  3" 	  * 2	 "
" & 
&	3"
**

E*	

*2"*
	*

	"6"	
C*
*"
E
	",I2	2	&
		 *	

"

2	C
3
	32&3
1	
A1
		"+ #.
@   2" 	 ""
*I   *  	
A1
	 	
"	*3 
*1
E
G	*	
*C6
	
A1
		"
		*2	
		"I
	
&
2*3&"
*
X N &' 	 	

		 34
" 	 *	
I  & 
"
		  "*  "I "**	 * !
""
	$	 	 		
 

	
	
	
  %%

( !4!#	!$	$#4	!
 
 	 "
" 	 
	 +8. ","
	 
"
* 2  +
3
<"*.E*E"
"	
	
*2"*
"
	
*

	"		"
"	
	



C	2
*
*$G*))	
,
A
"2
 	 	 "
" 	
	 *
I 

C	  $G 		 )I 
T;	$
*53
<
W+;$5.H=V
I))L
2A *  24	 	 
1 
 2O
"  8I * ):( 
A
	42
	7

+$75.2
"
*
*2A
"*	]0$"A
"	7

	
$**] + $5I ):(. 

"
	 2 I & 
, "* !"

" *  	 		 2  *

 	 ** *


*2?*4
I
	I2
"I22"I",2	 	
*E*
	C
**E	2*
C*
'2
2   

C	  * +
. 2 & *
' 
	6I2"
*",*	]*"4
"	]]*
"4
" 	 ] @ * 3*I  3
3
 	 
  
*2"
*

 3
 *
 	 	
	  3
	 2 ,I 0",_
 
7` 6JV  A
 7	
 	 $" +7,	
 	
$"
	Z2
*

E"
&.I&E22""
	"2H,I))L
5 2	  * "
		 ""  
 	 8
2
"*  $2 	  8  *
 

C	I  
C'
$2
  > *
" 	 $ 2*  "	C
* * ))% 
54I*
*I]_V,2 6	35
"] H$I))%L$
	"* 2	  
 "*  ]*
  	*
	 "**]  
2
'*
"$2
*	
8H-,I))L
$*))#3
3*	"
		25*	@
*	

" 	 8
	 +5 @.I "*  *
 	 ! "I 2 " 
	
* 	 *	
 8 "* * 	* 	  "

2!	*			"

	$	 	 		
 

	
	
	
  %(

 
C"
2>*
C+ ."
*))#*
"*
E E"
"+#F. 	*
*
C	*O*	
	 	  *
I 
"
	 8 E  ** 3*
2
"	
*"
	"*8?

 ((?)) $
* ** 6 
3 "<" * 9
5
"
2	3*_V
 ((?)): $
* ** 6 
3 "<" * 9 -
	"2	3


	
<<

 ((#?# $
* ** 6 
3 "<" * 9 
3
"<"
*2"*
 ((%?# $
* ** 9 
3 "<" * 6 
3
"<"
2


  ""
 	 "
" 	 
	 *6 	
	 2 E* 	 * 
*2
*E	 2 "*2 2	I 	 "* 
 "* * 2
"
 2 "
 !"
 *
 I 
 "*


		
 

	 
*	2	I& 
*
*23

3
"I&&"
	*	
8*4

"

$* 5I  "
 	 *

 	 24 	 G$I  1
 *

		 2O
"  2
	 & , "* !"
 2
"
2 	
2""
	"**	
8

( 5'6!'$'4
 

	
"	8
	"
"*2

		I
4		2"


*2"*

	*
*	2	
	  "
" 	
	  8 E*
C 

C	2 "*2 '
"
& "*2
	 **3 "	C* * 2
*
C	
"*2**
	'


	$	 	 		
 

	
	
	
  %

 *T"
"	
	W 36N*

	"

			"	

		2			3
"I2	2

CI*I
	2
 3
 ^ 
"
	 &

 	 *E
62
* "
 2 
3
"	2	
 
  
 24
 
 	 "
" 	
	&2	* 
"
		*842
"	F4	*	
	HG$5I#L


	 $
	"
"	
		2	+?G$5#.

>*	8	*2	
I	1"'	"
 *
'2  *
  	*
	I &	24I *3*
&

		"
"	
	I		&]"]E&]*]
6 T3* "	 WI 	 "*   		&  
	 
2"


*2""
I*
O	,*
 *	
 E"
" 	 8 E "*2 2 & "*2?
	3

	!"
Q*
 ^ 
	 

 ^ 
 	 
*2" ^ I

2		I"*

#H ((?))L

	$	 	 		
 

	
	
	
  %


	 	*
	
"	8
	H ((?))L
\ .	 	 /01	 	 2 9 @3
  	"  2	
$"  "1 &  
 E2 3
  
	
3
" 

*
3
*

*
2


\'3	 	 413	 9 ;", 	 		 "
		 
*2 
&
3
"  
I   *

 

C	  	" *


+21? *
' 2  I 	2
 	 4	 A
	I 	" 	
34&
	.

\'3		49
3
,*"A
"	

C
	
II*

		"*

 
	
3
"	

	



\49
		
	


	

*2"2""
2	23
	"**"*2"
	
"C2
'

C	2	

 			*	8*"!"*3"I21*2I
"23*"I2	*!	23


 *			"

& 2
 N " 	 ' "
 & * * *

*2"2*

	$	 	 		
 

	
	
	
  %


 *	
 8 E  O
" & 2*
 
	
3
"  3D"
 	

*2" *

 	 **
2  +21?I  
*
 	 *
'
*3E
" 2	  3
 N " 	 * 	 *
' 	 3
4&
	. F 	 * 2 	 "
" 	 
	 2  +2 1?I 	 3 	
&

	*E
62
*23	

C.
51*2I&	""
*	
2	""2	
2"&T2WE*,2*
2&"
	*
*E
62
*I  3 	 3
"I &  T2 0W 5E*I 2& 
	*	8"
			2	"
"	
	I
	3

2	**&ET2W&*

*2""
*
I		"
		&*	**
"*	"
"
		I
3 	 

CI&  T20W *   	 * 	 8
3"	"	

>	*	8I
	2	*?

 @ * 
*
" 
 	 "&D"
 *


"
	"**		2	
 
+,F2	.*

"
	"***

2	 2"43
" 	*	 & 
	 +	I "*
		I ".
"
**"2	
 X
3
"  *
' *

2  II   
* 
"	2	"
"	
	
 	
3
"  

3
" " 	 
*2" *

  2 	
"
"	
	*
*

 
3
,*"A
"	"*	*

	"
*


 *2  
*2" "A
"  	
  *
 2	F2"


2***3
	$	 	 		
 

	
	
	
  %:

( -,  !'  '  4 7  , 
!'!,'
@
	 N 
*2Q"
 	 " 	 	
34"
 E  4 	 
 	


			**&* 
"
	
	*
2	 


	
*	
2*	"*2	
  	
3 *E	 	 
 "*6 
	 2
	
3 " 	 
? *
 	 "I  "
I
* 	 "I " 
	  !"
 	 	
3
3*1
2	*	

	
6*D	2?

 	
 !
"#
 $
%#
       & 


-,18109 2
2
"	N3	2!"2!"		
34"
I2
			
	3

		*2,2	
	2	
34"
I!I	"*6
22
		2	
	23
	2!"E	*
,
&
	&

2"
	3*$"52I	
	

Q	
E*1*2	

 ,2''2
"*6N3	2!"
  
	*
2 
 	 
*2" *
 	*

 
2	I  A 2  
	O
 	 " * 2  
	O

"*
*A
"*	*2,"A*
"
I
	*3"
*2"	&&	
34"
&2	
 $ 
* 	 
 3"*6 	  
*2"
*

"
	"	2	"
"	
		2	I&
		
 1" E  	  *
 *
 $1*2 	 
2 	

*?0
	
3$
*	$"*
"


<+0$$.I
	
	  $	 G
	   2* =$>I 	
	 
	
	$	 	 		
 

	
	
	
  %)


 0,  '  :,  
2' D* "* !"
 
  

		 	 	
3
"

	  
		 	  "
" 	 
	 +2!"I "I 2I
*I 	*
.I 	 24 * *, 
  
2Q* *

I "

  "A*
" $ 3* 2	* 


C	2N""2		
34"

I2
	C*


		 * 	*
	 !"
 2 &

  
 	
	*2,  2 	 1

* 	
3 	 * 	
3

*	
I1
*"2*"**	$*
I  
*3*
*	**
	I 
**"
	2!"	*2,?"II
&
		
	*



$1
*   	  2  
"

C 	

*2
	**
"2	"	
2Q*  
	
"	  
  2E6	3

	 	 "	 "* 

		A"
6"
I*

"A*
""@*	I*

2	A2	31N""

$1
* "*  
2 	 
* 	 
? 0
	

;", $
,* $
* * 7,	 +0;$$7.I
	
	  $G ^ *2,
 * <* 3 0
	

$33
""< +0$$.I 	
	 2 , 	 &
2 2"  #
24
%# 0G@>-;$$;=$0=7$>$>8; >7$>$7$>
7$= @+0;$$7.9))

  2
*
  *
 ","
	 	 *E	 	 
 *
 	
	
34"
E0;$$7I	;
G
	*))H5'6.748	I))L
22&
		0;$	"2
	I*2"
"*
	O

  0;$$7 3" * 2" 3* 	 
 *
 	
*	

1 	
34"
E
	2
	
	2	&I
2CI2
22"
3
""
E
*E		

2
	&
			2"	


C	

	$	 	 		
 

	
	
	
  (

@ 	 !"
  	 3" 
  *
 	
*

*
C  3
 	 	 	
34"
  *
 "  I 
** *2I 2* * *
 
 	  "3I 
!"
2"43
"	*E	+0@J>I)):.?

6@


	
34"
	*
*2"*
*"	 ^
6 $"! 2
" *

 	 1"D"
  2!"I  
* ^
6@3

"
E
2	'
	E*	&1

	2
I*
*' ^
6 "

C 22

I 2!"
  ,	 & 
34"
		
34"
"**
*2"*


  "E	
 2		2  	 *4	
" 	 	*2,
*
+$5.I&,

N"
3
"**	"		*2,
2*
"*2
	
34"
"
3
"	2
*
 
*E"
C	*+"	%6.2
"
	
 
	I  12
D"
 "*	I '  2

		 	
*'  	 *"	I  2 
 & "
 2	
2
"	1"D"
**	

2
*
	
"*))%"**"

+0;$$7):. 
*""*

3
"
2*"	I
E*"*2 
*2	24
"*
*	
A"
3

"
"*2	2
"	1"D"
;
G
	
$
*6,!&%M(M		
34"
	"
A
	
;
G
	!**
	
*H= J;@I#L 
0;$$7 E *E*  *	
 	 *
 "
 
"
 8'
	 
*3* 	2	N "	
' 	 	 =UI "* 
!"
	2

C2"	Q"



  2" 	 
 

C	  0;$$7 ):	 	 E "*2
2 D"	 "
E
 
	):*"	
 
*
&6E)%6
*2	*	
34"
	"
A

1


	$	 	 		
 

	
	
	
  (

 "E	
*

	

4	*"
	

+.@	"	"
,&

2	"E	

&3"*2'	
24
22!"
		
34"

&
		 	 "E	
 * "	 "
  3"  
*2Q"
 

I&E		23"	2	&2*
4	
"	"
I"*
D"
	0;$$7):

	 $	
	0;$$7):+0@J>	I)):.















G* 	 2
"
2
 *	
3
"' 	  ): *  N '

	0;$$73
 
					9$:	2
 "
 	 "E	
 *

2 ",  * 		;	
	9<4:I "* =	  @ "	 "*  $5 
	I 

4	&4
	"
3
"
#*"
3
"2		
34"
I2
	O*
	2
	**
	
3
"+;>.
*2
3
"	
 O*	"
E
*"	*	"
 
*2
"*"
 	2	I* E 0;$$7):  ,
 ,* 
 	
2	2"*""**2*2	
34"


	$	 	 		
 

	
	
	
  (#



	$ $&*		B	
"	@*2,*
+$5.I


C	20;$$7+0@J>I)):.

	 
3
"20;$$7I"3*2
	
	

3
"
*2
3
"	







%##  75;$=$>8$$7$>a$7 ;0G@>-$$>a
+0$$.9##

*
"
"*2	
'*

		
34"
E
 ;1	 '	 %?	 	 5	 1	 ?	 @	
'%5 HK0I ##L	 2	 2
"* 2 A	 %?	
5		B	0b#* 
>		I0$$E*I*&3*	
I
"	 * 	 	
	  2 * 	3

	I & 2	* 
 
2!"	
34"
1
*22"43
"	"
"	
	+
	$	 	 		
 

	
	
	
  (%

%. $ "! 	3* 	
6N
 	 	
34"
 "I

	"

2"
A


	$ *	
&"*2'*0$$
	0$$""
C62	
23"
?	3

	

*
 	 
* 
	 + 	
34"
.  	  
*2" 2

 

		"
"	
	
  0$$ 22' 2
"  ""
 	 	 ; +* 2
,
2E
" "	 2 
*
 	 . 2 	*
  	
	 "
		
34"
   
	 $ 
*
 ,
2E
" 	3
 
	

 "*  2	 	 
*
 	  +*
 "*
22
		2
	.I   2 	 
*
 	  +*
 "*
22
		2O
".

$*	

2	2I0$$	3
	
3"+3

(.?
 #;6,<+ 
*2"
&	*2	
	2,
2E
"+
?2*
2O
".
 = ;%' ,'< + &
		  	*2, *
 	
	
34"
+		2,
2E
".

	$	 	 		
 

	
	
	
  ((


	( $0$$

 ""


	"63
"
D"
12	2	

N " *

   "
	 + (. 5 
  

		
3"I"
	2	3	
*
	
*
+	
34"
.I  0$$ *	
3
"  ""
  "
 * 
	
"	 	 3
"
D"

*
		
34"
+0$$.X*
&"
	0$$+&
		F"I
	C	3
C&
			*

II	

.I*


		*
		
34"


	( 7	
3
"2220$$22
"	""
	
	 	*
'*

		
34"
HK0I##L	

 
 	 0$$ "6  
*2* 	 
'
*

"*""
	3
"
D"
*
		
34"
+.


	$	 	 		
 

	
	
	
  (


	) $	
	0$$




















> D 2 2
"
2
 	 2!" +	 2
*
I 2!" 
2!" 	 1".I 	 3
",  2",
	 +3
 .? 3	 	
	3			
	$	 	 		
 

	
	
	
  (

	
	) *



	
"*	0$$HK0I##L
5 "	 
*I  
4	 E "
" 2I 	 "
E
 	
2	*
		"	"*2	'E"
""



** 	 
   	 2 "	 
* 
	  		 
3*
 	 2 * * 	 X +&
		  	*2,.  ;
+	 	 " *

. > 2I  ; 
	  E  3" 
+"*

.I
*4			"*

I*
*	
34"
	3D"
+2
%.2**
	 
*
	E2			3*&*	"3
"
	
2			*"
	
!

 2 	 "	 
* E *
2
"	 2 "3
"
 	 2	
"2	+2E6	3

	.I	*
	22"
	
X+$&.;+$&#. 
	
"		3
"
D"
*
+0$$.E
	2$&
%HK0I##c

	$	 	 		
 

	
	
	
  (


E*	*E
"I	*
	*3
"	
	I 	 "   	
* 	 0$$ +
 .   0$$ "
3
" 
	*2,		
34"
*"
"4
? +2
.I!I">I"+$I	E
*,"
3
"24








	* @
*	3
"
D"
*
		
34"
+0$$.




 
 
 
	$	 	 		
 

	
	
	
  (:

%#% =$>9$
**2"$
*
 2*,E*3**
	2N	"
2
*

	"	
34"
I&3
	
	2,


 * #  3* , !	  2!"
  " *
*, 	*2, *
 *	 	  	I  * "*2'
3
"IE"
"'"
I"3*	*3
*


C	!	"6*
3"


C		
2!"I"
C*
2	"O		**




















	+ K	2*9,
P*3*2
"I3"
	I&22"
		*


	 	&
		I 		 
D"
  
' "
23C
",*

"*21

	$	 	 		
 

	
	
	
  ()


  =$>2'  *
 * 	& 
 "*  "
E
 *

	
"

	2!"I&		""2
5
 *  	 		2A2
& "*
 	 )M 	 
*

&	
2
"**	
34"

	"

"*"


> *E
" 	 >I  3_ =$>d +$	 	 
*2" *
	
34"
.E"*O
"3*&
	
34"
	
3
:
	
3
"3

"
"*		
	2!"?*I
"
		I  	 
*2I  24	 	 
	 	 "    	
" G	  3*I  &
"I ,
 
"		2	*3"
*
  "*2  
*2
"'*


	 2!" 
	

I 

"

I "*"

  
	"

 2 	
34"




	, @"
-	5!"
P 	 
 &  3_ *E* 	

 ,
' 2A2
 	
	
34"
	
2A 2"
3
" * 2!"  2
 	 " 	 
""4
"  
	C
	 &
		 2"43
" 	 2	  
3 	 "I  =$> 	"*2'     2"

2	I"*!"
	2
"				

@2

	$	 	 		
 

	
	
	
  

	**  		 	 E 
 
*2" *

 +
 

"
I
2
 	   	I2"
 &"
*I "* "I 
*
'	4	A
	.3*	3
"+3
).*+3

#.

	- -3
"2

*2"*


	
 2

*2"*


 =$>**" 
*2"*


I
	
"
"	
	?
 5	 	 7

I 
"
	  1" 	 "  		
3N"
"*
 @	
2
 "
	$	 	 		
 

	
	
	
  

 8
';

	
	I2
*
 
2	$	
34"

 $3
7I2''
 @*
"
"*
 $*
'	


/	D		'E8'	
6;A

	

	
*I*
"
	"
"	
	
6	,	"*3*	
*
'
6*2'2662"*
*	+3
#.











	 *2	2""

$* 8 ! * 2" "*21I  =$> 3
 2!"	 2
* 3"
 

CI 
C	 
 "*21  2	6 *
3* 
*2 2  

C	   2* 2*
   

C	

"
"	
			E3
*	
			
34"

	$	 	 		
 

	
	
	
  #

@ 
	  "* * 
	I 2*  	 	 *
	 	  
2 	 
I 
C	2 
 	 , 	
	I&2"2?
 
=$>	7


		EI		,*

*2I* 


 4	"*2	
	
"	8
	$*)):
"*2 
*2"*
 

	2 "	*"3*


	##%*#&

CD
2	?*	*	
I*
 *
"  *  	   D "3* ""
	
2"*2
***"	
	

		2&

**3"
**
*,

*6 
 2Q* 3	*
 	 "
" 	 
	 + "* 
2* 	
 , 	  	 	 ".?  
 

"

"
N  I  " 

C	I  *
' 	I 
*
'&"
*21
					4	A
	I
&2*	
	I3*	?
	* ;*		
	
,'	
!:
5 ! "
6$
+-!. # %:) #
#65	"

C	+V. #:( %: #%())
%6&"
*2"
&
+V #. #:% (% )%%
(67	
		*	1
		"

"	 %#% #: )
67	
		*	1
		"

"	 (: (%:( ::)
6;4	A1
" ( ::) (

*2	
3
"	*	
3
&2*,
	*2
"*	2Q*
$ 3* 
3*
" 
  2 *
 	,	*I 
2A1
*"24I	
*2		"

	(	 	 		
 

	
	
	
  %

)  $! ?!$4 *$   $
 	4 
!*	!*#*@!5!!A
!
) 	
  	 &  2 * "* 2
"
2 !"
 

"*2
*D'	



C	*3*	

*
		
34"
","
	
"
*+2*=$>.I*
"* 
3
"   *E	 2	  
"2	 2 
  2
*
 	 
 	 

		 22 2  	
34"

2
> 
 *
 	 * 	
3
" 	* "" &
2" 
*2"*
 
"2	*

*	
4		 "

			 "	*
!2	*

"
	
 		"	
	2*=$>I%#I

	 	 
  "
" 	 
	   
*2" 	 * 	
34"
 
3*

I
""
	23*&
	
34"
	I!I*
	3	"	
*2"*

3*	
3
"
  	
34"
I  "
 * 
I 
  

	  2* =$>I
"* % ' "
 	

I 	2		 	  	 		 	
2* 	

		"*
	"

"*
"*
3
"2"

			2*
;
C6*	"*2
2D'"

	
	3*

			"	*	I		
4"
+2		
*

.E3
*	"
"	
	+	*
.		
34"

*	
	
	I
	&
*2I2*	C
	
O* 	2Q*I2	 "

 * 23 

'
& 	*  	
* 	 
* *
 "*21 	 
 	


				
34"
I	&	N'"
2

	(	 	 		
 

	
	
	
  (

$ 	 2	 
 	 2
  2!"
  " 	
"
"

*	
34"
I	*	&	4
2
*"*
!*"	C*
*
		
) 5'6/1,'
 
*	
=$>"6
	2
	
	*2, *
 	 	
34"
I * 22"
 I * & 
2
"
2
 	
3
"  
 

"
I2
 	   	I
2"
&"
*+V	 #.I"

C		
	
*
'	4	A
	
  " 2
" 2	 	
C 2
  * *	
 
3*

 	
	
*' &		 	 I * R I *I 23C	 *  	
21
*	*	#*#P"
4	2*2
E"*22*
&
	
"*N"C
,I#&*J O**,
	!*"*"
C	3

			3
##
$",6
2	2*
3"

	
3_ ,I *C&  2
"
2 !"
 E  "*2 	
D2""
2**
 2
" 	 
* 	 
 
 N 

C 	 '
"
&"*			2&*"	
"
	
",	2,

*	!	2
*
N'"
2
"		
34"
25I2
*

2  	I 
  	
* 	  	 		 & O* 
""4
"	'"











	(	 	 		
 

	
	
	
  




	 5		*		


	(	 	 		
 

	
	
	
  

 2
*
2E
	C

3*&
	"*?"
C
3
" + 
* A 2*
 ""
 
' 2"
3
" 	 	 
$	G
	.I
	O
		
34"
I
2	"22"
*2	
	
"
	
3*E
"

5
	2*3

	
"	&"
C	*	


$G24		
		"3
3
1	#I"3*
	
3
#%









	$ 				
2"	2!"

5

*!"
		 
*
'	
*	

",
	I			
	
*

"

3*
						2*
>&2
E
"
3* 
	C
	2
"*4


C	*5?"
"
		I	

5	* *E* 

C  2!" 

	 E 	 ! 	
"T,I"3*E
	3
#(I	6*

3"


CI*
2	 	2!" 

	
2*

	(	 	 		
 

	
	
	
  


















	( ,
 
 
3*  2* , "6 
C	 2 2!"I
	 2	* 

  	
3 3 	 "? 3	'I 
 
"I2	2
"
2A
				
			2"	2!"
 2 "	 3 "
  
	  	3

 	 3 
3"	2T		*<W



	(	 	 		
 

	
	
	
  :


I:I)**'"
	2	2
 	
33 	 "?3	'I
I2
I2
I " 
2	1
I2
	*2					2*
	+ 	'
" ! 5
-&?
65
E?!*
"*2	#**
-&?
65
E?!*
"*2	
#**
-&?
65
E?!*
"*2	
#**
@
*'?  @
*'? @
*'?
?
*
*2
*?
*
?
*
*2
*?
*
?
*
*2
*?
*
0?#75 0?#75 0?#75

5 *& 	 
*2
3
" 
 	 "
" 	
	I 262

	C
3	'

2D'"
I	2	*
!	I"*	
*'*2*1*I2	#"*"*
&
				#72
	, 8
5

" ! 5
46*'?
$*
46*'?
*
"=
8
*
"J
46*'?
	*	


	-*
@
*'? @
*'? @
*'?

#*
*2?
#1%*
8?
E
)*
?
#*
*2?
%*
8?
E
)*

#*
*2?
#1%
*
8?
(E
*
"?#(V5 "?#(V5 "?#(V5

  2
I  
I  2
   " ",
	  D '
*
&2
"*5"	3
	#I(V5I
2Q* ",	 2 2* ,  "
		  	 2
*	

3*


>&2
N2	22!"	I2"2	
""
"
"	*5I!I2		
I

 	 >  	 		 	 2* A  E 2*

	 ", 
2	*I2"*
	*5

	(	 	 		
 

	
	
	
  )


	- 5
F
" ! 5
*$?
68
2
*
*$?
68
*
"2
*
 0
*$?
68
**	

2
*"2"	
@
*'?  
[5
?#*# *2
*?#1#* 8?* 
"?#(V5

5 * & 	 
*2
3
"I * "	 2" "
I 3

"
		&3",		*	
I**
*

	
 5	$1

0  7	

*/?
65		
6

*?
65	"*23
*

*?
65		*	

;3?#* $2?%)1)# $2?%:1:)
$25	6#** 59+#-. 	<2?-
*
0?75 "*?5<_	 "*?5<_	

  3* 	
*
	 	 3*  	*2,  **
23*"
2A
				I2*,""
	"
"
	
	2 "	 
2 	 " *	6  	 3

I *
3*		
I	2"*4	
""*?

6$
5
*
"2	
6;4	A
	
6$*
'	2
		
65"
	&"
*-
6*	"


C	
)( '
2A  2
*
 3 ""4	I E 3"	  "" 	 
*2"
*
"
		*
'I4&
	A
	I&
			
*E
62
*4		



	(	 	 		
 

	
	
	
  

	 
	
"	8
			
,=	2<;2
5B!B1B
5!">* 
5!"
< G
 #*#
5!"@"
2
 
3*


;$G@ 


$5
$

2
*

"*
	
+7K.
$*

;4	
A
	
+V.
B	
"
5

	
B	
"
5

	[
5"

&"
*
-+V.
*
;"
G

C	
+V.
5	
*E
62
*?
7

2


#
(#


#)%



##(



#



##%



)(%:
 ))
? #(:) )% ## # ##(( )%
?
7

2

(()
()




:





#
:

)#
(
? :(  )  #: )
7?
7

2


















?      
@*
?
7

2

(
:











%


(
? :    % (

?
5
1
)C(
D)E(
 

((D(
D

)
(


D

F)
C

EDF(D
)(

 3
"  I * "*  "*2  2!" 
		 E 	 2 	 2* T-2,W  T*2
WI
2"
*    *I 2  " 	 I  	

	I*
			
*
"

#*"*&

C"*"

*2
* "*   	 I   *
" 2
*E*	
2
*

"2	*E
62
*



	(	 	 		
 

	
	
	
  



	 
	
"	8
		*
"
,=	2<;2
5B!B1B,2'
5!">* #
5!"
< G
 #*#
5!"@"
2
 
3*


;$G@ 


$5
$

2
*

"*
	
+7K.
;4	
A
	
+V.
B	
"
5

	
B	
"
5

	[
5"

&"
*
-+V.
5	
;"
G

C	
+V.
5	?
*E
62
*?
7

2


:
%#


(



%







(#



##
#
? )( %  (## #(
?
7

2

#:
(##

#:


##





:


%
)
? :#: #%  ( #(
7?
7

2


















?      
@*
?
7

2

#
%














:
? %)     :
?
5'
1

FCE)G
F

DFE
D

HCF


H
D

))E
C

CC(
D

%*	2"	"

*	
 2	*&	'
I

3
"	6*
*2"*

	*
&

	






	(	 	 		
 

	
	
	
  #


	$ 
	"
"	
			*	

,=	2<;2
5B!B1(B,
5!">*%
5!"
< G
 #*#
5!"@"
2
 
3*


;$G@ 


$5
$



"

"*
	
+7K.
;4	
A
	
+V.
B	
"
5

	
B	
"
5

	[
5"

&"
*
-+V.
5	
;"
G

C	
+V.
5	?
*E
62
*?
7

2


#:)%



(



%







:(
#


##(
#%
? #))% ( %  : ##)
?
7

2

#:
(

()%


%





)#


###
)(
? ( ()% %  ) %
7?
7

2


















?      
@*
?
7

2

#
%














:
? %:     :
?
5'
1

(FF
FF)

E)E
D

(ED



D

DHH
C

)HC
F

2A 
 E 	 
   	 &  
3
"  

2
*
 "*
	 *    4	
" *

 > 3
 	
"	2	 "
" 	
	I * 	 
  * *	
"

C	"**

"*2O
* 
,	
3C3D"
N4		3


I		2		
*E
62
*EN	*
I!I		EO*


	(	 	 		
 

	
	
	
  %

@
		
"6
"
E
	
"*2	6"*
D	
32""
?I*
"*	
I
		

**,
*"
I!I	3

&&22"

	*

*
3

(% *	$
5
*

"



"2	*
,	""*

	
2"	1"	*E
62
*2"*	*

EN
	2	3

""

**
*22"4*	
I&
"* 	 " 
I &  2	 	 
*2" *

 >
24I
	
3
"	
"
	D"
*

	
	O
	"
*
		&"

		
	


>3
"
1+3
#."*22"
*

"2	

*2"*
	2"	*	'"
"3*
12
"	
*

	) $
2
*
"*
		
2	
"	8
	+2	I
"I*I	*
		
34"
.
5  	
3 3 	 "
" 	 
	 	 "I   	
*	
2*

"2	*

14	
"	
*2"
*



	(	 	 		
 

	
	
	
  (

0
50
100
Comparison of Primary Energy Consumption by Assembly Group
[Absolute Value]
Gig
a 
Jou
les
Foundation Walls Beam&Col Floor&Roof Extra Total
Mestrado_Ana_proj 1_betão Mestrado_Ana_proj 3_madeira
Mestrado_Ana_proj 2_metálico
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Mestrado_Ana_proj 2_metálico 13,14 8,73 19,09 23,11 64,06
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Mestrado_Ana_proj 1_betão Mestrado_Ana_proj 3_madeira
Mestrado_Ana_proj 2_metálico
Mestrado_Ana_proj 1_betão 0,62 1,06 1,66 -0,03 3,30
Mestrado_Ana_proj 3_madeira 0,62 0,10 0,03 0,19 0,95
Mestrado_Ana_proj 2_metálico 0,62 0,07 0,17 0,20 1,06
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